Nitrous oxide and midazolam have been used as sedative agents to decrease fear and anxiety associated with dental procedures. Although these agents have been widely used individually, the combination of the two is also commonly used. Four clinical trials were identified that compared the combination technique with the individual use of the drugs. The standardized mean difference (SMD) for each outcome measure was considered for final analysis. Three studies with 534 participants were included in the final meta-analysis, and the SMD To conclude, the combination technique combines the pros and cons of both drugs in causing fewer adverse effects due to midazolam by reducing the total dose and also helps to provide better acceptance of nitrous oxide inhalation.
D
ental treatment has always been considered as an anxiety-provoking experience for many patients. It is said that past experience can determine the way people perceive a future similar experience. If the first dental experience turns out to be negative, future experiences are not likely to be perceived any better. 1 A study conducted by Humphris and King 2 reported that the high prevalence of dental anxiety developed across several domains such as extreme helplessness during dental treatment, lack of understanding of the dentist, and embarrassment during dental treatment. With the advancements in moderate sedation techniques, dental treatments have become more relaxing, and these techniques should not pose the threat of major adverse events associated with general anesthesia. Moderate (conscious) sedation can be defined as a technique in which the use of a drug or drugs produces a state of depression of the central nervous system enabling treatment to be carried out, but during which verbal contact with the patient is maintained throughout the period of sedation. The drugs and techniques used to provide conscious sedation for dental treatment should carry a margin of safety wide enough to render loss of consciousness unlikely. 3(p639) Drugs that can be used include inhalational agents such as nitrous oxide and orally or parenterally administered midazolam and other benzodiazepines, other sedative-hypnotics, and psychosedative agents. Nitrous oxide and oral, intravenous, and intranasal midazolam are commonly used agents. 4 Individual use of these agents has been reported to have benefits; however, a combination of nitrous oxide with midazolam is also used. This may bring about the beneficial effects of acceptance of the nitrous oxide mask and a decrease in the dose of midazolam used. Nitrous oxide sedation, which frequently reduces stress and anxiety in children undergoing dental treatment, is also commonly accepted by parents. 5 Hence, this systematic review and meta-analysis of randomized controlled trials aims to identify the level of sedation produced by a combination of nitrous oxide and parenteral midazolam in both adults and children.
MATERIALS AND METHOD

Information Sources and Search Strategy
The protocol for this review was registered with the International Prospective Register of Systematic Reviews (PROSPERO) with the registration number CRD42016035284. No limits were applied to the year of study, but only studies published in the English language were included in the present review.
Eligibility Criteria
Only those studies with a randomized controlled design with the following requirements were included in the present study:
1. Type of participants: Adults and children requiring sedation before any dental treatment 2. Type of intervention: Inhalational nitrous oxide combined with intravenous/intranasal (iv/in) midazolam conscious sedation before dental treatment 3. Comparison: Inhalational nitrous oxide or midazolam used alone for conscious sedation before dental treatment 4. Outcome: The principal outcome was the overall cooperation during dental treatment. The secondary outcomes include total dose of midazolam, recovery time, and adverse effects if any.
Study Procedure
The authors independently screened the above-mentioned databases for studies that met the inclusion criteria. Abstracts were screened for suitability, and fulltext articles were obtained for those found to be eligible. References from these full-text articles were also screened for eligible studies. A pretested data extraction form was created, and both authors extracted trial site, year, trial methods, participants, interventions, and outcomes for each study. Disagreement between the authors was resolved through discussion. The extracted data were analyzed using non-Cochrane mode in RevMan 5.0 software. The methodological quality of eligible trials was independently assessed by both the authors using the Cochrane Collaboration's tool for assessing the risk of bias. We followed the guidance to assess whether trials took adequate steps to reduce the risk of bias across 6 domains-sequence generation, allocation concealment, blinding (of participants, personnel, and outcome assessors), incomplete outcome data, selective outcome reporting, and other sources of bias-and they were categorized into low, high, or unclear risk of bias.
6 Mean (SD) for the outcome measures between the experimental and control group were assessed from each of the eligible studies, and the standardized mean difference (SMD) was considered for final assessment. The heterogeneity between the studies was assessed using the Forest plot visually, I
2 statistics wherein more than 50% was considered to have moderate to severe heterogeneity, and a chi-square test with a statistical P value of less than .10 to indicate statistical significance. A random-effect model was used in the case of moderate heterogeneity, while a fixedeffects model was used in the case of mild heterogeneity. Cohen's guideline was used to assess the significance of the SMD, and the magnitude of SMD was considered small if the pooled estimate was 0.2, moderate at À0.5, and large at !0.8. 7 Considering that only a small number of trials could be included in the review, publication bias could not be assessed. The present meta-analysis was conducted and presented in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 8 
RESULTS
Search Results
The initial search with the above-mentioned search strategy yielded 68 studies. A total of 4 studies 9-12 were found to be eligible for inclusion in the systematic review, and 3 studies [9] [10] [11] in the quantitative metaanalysis. Figure 1 depicts the study flowchart as per PRISMA guidelines. Of the 4 included studies in the systematic review, 2 studies 10, 12 were conducted in children, while the remaining studies 9, 11 were conducted in the adult population. Of the studies conducted in the adult population, Lipp et al 9 also used a fixed dose of pentazocine. Since both groups received the same dose of pentazocine, this study was included, as this would Figure 3 depicts the Forest plot of the total dose of midazolam required between the study groups, which was found to be significantly less in the combination sedation group.
Recovery Time. Two studies 10, 11 with 450 participants reported the time taken to recover from anesthesia, and the pooled estimate of SMD [95% CI] was obtained as À0.20 [À0.39, À0.01]. Figure 4 depicts the Forest plot for recovery time after sedation, which was found to favor the combined sedation group.
Adverse Events. Adverse events associated with the interventions were reported in only 1 of the included studies. 9 A statistically nonsignificant difference was obtained for reporting malaise by authors between the study populations.
DISCUSSION
The present systematic review and meta-analysis identifies the use of nitrous oxide midazolam combination as a sedation technique before dental treatment in adults and children in comparison with the individual use of either nitrous oxide or midazolam. The meta-analysis from 3 studies did not identify a statistically significant improvement in the overall cooperation achieved with the combination technique in comparison with individual use of the drugs, whereas a significant reduction in both the recovery time and dose of midazolam was found with the combination technique. Nitrous oxide inhalational sedation has been reported as an effective sedation and very safe technique to reduce dental treatment-induced fear and anxiety. 13 It is generally delivered at a concentration of 30 to 40% with oxygen via a nasal mask.
14 However, the use and acceptance of the nasal mask was considered critical, especially in children and in patients with anatomic abnormalities in the nasal region. 15 On the other hand, midazolam has been in use as a premedication for sedation and general anesthetic induction. It is commonly administered intramuscularly or intravenously. The other common routes of administration are the oral and nasal routes, which are preferred in children to avoid anxiety due to injection. It is preferred over diazepam because of midazolam's superior water solubility, easy absorption, and the relatively pain-free injection. Oral midazolam has a disagreeable taste. Nasal administration is generally administered with a nasal atomizer device with variable acceptance. The recommended dosages for administration are 0.05-0.1 mg/kg intravenously, 0.3-0.75 mg/kg orally, and 0.2-0.3 mg/kg intranasally. 16 However, midazolam is not without adverse effects such as hypoventilation and respiratory depression. It should be used only by dentists trained in conscious sedation techniques and at low doses with careful monitoring of the patient for any adverse reactions. Thus, considering the pros and cons of both nitrous oxide and midazolam, it may be beneficial to combine the 2 drugs to help the acceptance of nasal mask with low-dose midazolam and also to reduce the total dose of midazolam by combining nitrous oxide and achieve predictable level of sedation.
Although this systematic review and meta-analysis did not identify a statistically significant difference in the overall cooperation between the interventions tested, the necessary level of sedation required for dental treatment was achieved. However, there was a significant reduction in the total dose of midazolam required when the combination technique was used. This is an advantage in avoiding the adverse effects caused by midazolam. The recovery time was significantly faster when the combination technique was used compared with the individual use of drugs, which would probably reduce the time of hospital or office stay. However, the present study is limited in not having searched EMBASE, and the total number of patients included was small in number. Future studies should focus on reporting the method used for generating and concealing the randomization sequence and should use a double-blinding technique because the principal outcome measure could be assessed only subjectively.
Thus, this systematic review and meta-analysis of randomized controlled trials would recommend the use of the nitrous oxide-midazolam combination technique rather than the individual use of either drug due to the advantage of reducing the total dose of midazolam used, thus achieving a better safety profile and with a predictable level of sedation for dental procedures. In addition, the combination technique may improve acceptance of the nasal mask to deliver nitrous oxide. 
